The determination of the circulation time from the ventricle to the face using fluorescein and ultraviolet light eliminates all of the variable factors from the venous side of the circulation and gives evidence specifically of the presence or absence of an intraventricular right to left shunt. The most important clinical application is the differentiation of tetralogy of Fallot from pulmonary valvular stenosis with an intact ventricular septum, the first requiring a shunting type of operation and the second a pulmonary valvulotomy.
M ETHODS, values and limitations of
measuring the speed of the circulation have been discussed in previous publications. The purpose of this report is to present some observations on a new application of these methods to the differential diagnosis of congenital cardiovascular defects. The technic referred to is the determination of the circulation time from the right ventricle to the face, using fluorescein and ultraviolet light.
METHODS
During diagnostic cardiac catheterization, with the catheter tip lying free in the outflow tract of the right ventricle (as determined by free motion of the catheter tip and free fluctuation of intraventricular pressure), 5 per cent fluorescein with 5 per cent sodium bicarbonate* is injected slowly in an amount previously calculated just to fill the entire catheter. An additional amount measured roughly in proportion to body weight is then injected as rapidly as possible and the time from the beginning of this injection to the first observation of fluorescence in the ocular or oral mucous membrane accurately de- termined. This constitutes the "ventricle to face" circulation time. Other substances might also be used, but fluorescein has the advantage of providing an objective endpoint and thus obviating any need for the patient's cooperation. This dye can apparently be given safely even in large amounts, the only toxic effect in our experience being occasional vomiting. The ventricle to face circulation time has been determined in the manner described in a total of 110 patients ranging in age from 16 
RESULTS
The ventricle to face circulation time in a group of noncyanotic congenital defects is given in table 2. Unless there is a large defect with cardiac enlargement, heart failure, or significant pulmonary hypertension, it might be reasonable to assume that the circulation times in these abnormalities represent fairly close approximations to normal for individuals of a comparable age. At this point it should also be noted that, as in normal children in whom the speed of the circulation is measured from a systemic vein, the ventricle to face circulation time also depends upon such factors as body size, red blood cell count, heart rate, and cardiac output. Thus anemia or tachycardia probably explain the unusually short circulation times of 3.0 and 3.2 seconds, respectively, in one case each of patent ductus arteriosus and interventricular septal defect (ages 3 years and 5.5 months). Similarly, greater age and larger body size undoubtedly affect the average circulation time as observed in interauricular septal defect. In the absence of data to the contrary we may assume tentatively that the normal ventricle to face circulation time ranges from 4.0 to 6.0 seconds under the conditions outlined in this study.
Circulation lation time in the presence of an intraventricular venous-arterial shunt is only about one-half that in the absence of such a shunt. Study of the individual data also reveals that in the presence of an intact interventricular septum, the ventricle to face circulation time is seldom less than 4.0 seconds, while in the presence of an intraventricular right to left shunt the circulation time seldom exceeds 4.0 seconds. Several factors, however, may result in a longer circulation time and thus tend to obscure the presence of a shunt. These are polycythemia, greater age and larger body size, poor placement of the catheter tip with slow injection of the dye, and decreased cardiac output. In the presence of cardiac cyanosis a carefully determined ventricle In table 4 are given the results in a variety of conditions which illustrate a number of interesting points. In rheumatic heart disease and other conditions with a closed interventricular septum, prolongation of the ventricle to face circulation time beyond the normal for age represents either the resistance encountered in the pulmonary circuit (including pulmonary valve, pulmonary vascular bed, left auricle and mitral valve) or failure of the left ventricle. In this circumstance the circulation time loses its specificity. In the presence of a large left to right shunt either through an uncomplicated septal defect or in anomalous drainage of pul-monary veins into the superior vena cava or right auricle the endpoint may be greatly delayed by virtue of recirculation of the dye through the right side of the heart. This delay is, of course, not indicative of cardiac insufficiency. The miscellaneous conditions include primary idiopathic pulmonary hypertension, postoperative patent ductus arteriosus and a few undiagnosed defects, and add nothing new to the importance of the data already described. Although all of the factors have not been studied sufficiently, the ventricle to face circulation time, like that determined in the usual manner from a peripheral vein, depends on body size, red blood cell count and heart rate as well as the presence or absence of cardiac decompensation or an intracardiac shunt. The ventricle to face circulation time differs from the standard measurement, however, in a number of important particulars. Thus, for example, it obviates any errors originating locally in the systemic venous circulation. Among these might be included the following: (1) unilateral venous stasis due to the position of the extremity being used; (2) unilateral venous obstruction due to a cervical rib or scalenus anticus syndrome; (3) higher venous pressure and slower circulation time in the left than in the right upper extremity when due to an anomalous left superior vena cava emptying into the right auricle via the coronary sinus (this latter has been encountered fairly frequently in cases of congenital heart disease); and (4) superior vena caval obstruction (5) right auricular dilatation in the absence of right ventricular failure (as in auricular septal defect). The second and most important difference is that, while the ordinary circulation time determination may give evidence of an intracardiac right to left shunt, the ventricle to face circulation time provides information by which the exact location of the shunt may be definitely stated, that is, either the auricular or ventricular level.* By a modification of the technic, it would also be possible to study the circulatory dynamics of each lung separately by measuring the speed of the circulation from the catheter tip to the periphery.
From the viewpoint of corrective surgery, one of the most important differential diagnoses to make is between a tetralogy of Fallot and valvular pulmonary stenosis with an intact interventricular septum and either a patent foramen ovale or an interauricular septal defect. The clinical differentiation is not always easy to make by the usual methods and at the same time necessitates the choice between a shunting operation of the Blalock or Potts type in the first instance and a pulmonary valvulotomy in the latter. (It has been a tragic experience to see a successful shunting opera-tion in a patient with pulmonary stenosis and an intact interventricular septum result in progressive cardiac enlargement, congestive heart failure and death.) Having established the diagnosis of pulmonary stenosis in either of the two types of cases cited, the presence or absence of an intraventricular right to left shunt may be determined by the ventricle to face circulation time, there being an early endpoint in the former and a delayed one in the latter (table 3) . Although there are probably too few cases for statistical significance, it would appear that 4.0 seconds usually marks the borderline between the presence or absence of an interventricular septal defect in combination with pulmonary stenosis. This, of course, may be modified by the size of the patient and the degree of polycythemia or anemia present. Furthermore, the degree of prolongation of the ventricle to face circulation time may serve as a possible index to the degree of severity of the pulmonary stenosis.
It should be added that the ventricle to face circulation time is of value in differentiating between pulmonary stenosis and other more complicated anomalies such as transposition of the great vessels and other defects, which include a major intracardiac right to left shunt, either with or without an increased volume of pulmonary blood flow. The procedure is of particular value in infants in whom the clinical differentiation may be difficult and in whom complete cardiac catheterization data are sometimes impossible to obtain. It is almost always possible, even in small infants, to advance the catheter tip into the right ventricle from which point the fluorescein circulation time may be of diagnostic importance.
SUMMARY
The ventricle to face circulation time with fluorescein and ultraviolet light provides an easy and accurate means of determining the presence and exact position of an intracardiac venous-arterial shunt.
This method is of particular value in differentiating the various syndromes involving pulmonary stenosis and thus clarifying the need for either a shunting type of operation or a direct attack on the pulmonary valve.
Although there may be occasional exceptions as noted, 4.0 seconds defines the average limit between the presence or absence of an intraventricular venous-arterial shunt under the conditions outined in this study. (These occasional exceptions are perhaps more apparent than real and will be further clarified when additional data will permit corrections for the variable factors outlined.)
